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ABSTRACT
Price flexibility coefficients estimated for ex-vessel prices of 
Virginia hard glams indicate a very small decrease (4.292 x 10 
to 6.694 x 10 %) in price would occur given a 1% increase in the
quantity supplied by Virginia harvesters. Data used were monthly 
landings of Virginia, New York, New Jersey, Rhode Island, Maryland, 
and North Carolina over the period 1960-1979. Fifty-eight percent of 
the ex-vessel price changes are not explained by the supply response 
model used, suggesting other market and consumer demand factors play 
a large role in determining ex-vessel price. This conclusion is 
reached considering the historical range of Virginia production.
A mean standing crop estimate of Mercenaria mercenaria during 
1978-1981 in the lower James River using the Leslie method was 
393,331 bushels. Standing crop estimates ranged from a high of 
559,261 bushels in 1980 to a low of 281,162 bushels in 1978. 
Variations in estimated abundance were related to fluctuations in 
fishing effort.
Suggested legislative changes to aid the fishery are: (1) 
Allowing the use of efficient harvesting technologies on private 
leased bottom; (2) Consider seasonal use of efficient harvesting 
technologies to take advantage of seasonal peaks in ex—vessel 
prices; (3) Institute a new statistical reporting system that reports 
the catch/day of each harvester and the proportion of each market 
grade caught; (4) Establishment of subaqueous bottom areas 
specifically for the field culture of hard clams; (5) Set and enforce 
a minimum legal cull size.
ANALYSIS OF POPULATION AND PRICE ASPECTS OF THE 
VIRGINIA HARD CLAM (MERCENARIA MERCENARIA) FISHERY
GENERAL INTRODUCTION
The hard clam, Mercenaria mercenaria (Linne, 1758), Family 
Veneridae (Frissel, 1936; Turner, 1953; Wells, 1957a), is a 
euryhaline bivalve found along the eastern and Gulf coasts of North 
America ranging from the Gulf of St. Lawrence to the Yucatan 
Pennisula (Carriker 1961; Wass, 1972; Abbott, 1974; Miller et al.,
1975). It has been and continues to be the focus of an important 
commercial fishery along the Atlantic coast (Belding, 1912,
1931; Tiller et al., 1952; Andrews, 1970; Miller et al., 1975). Hard 
clams are consumed in a wide variety of ways, with the larger clams 
(>80 mm) being used in chowder and the more succulent littlenecks 
(<60 mm) ("nicks”) and cherrystones (61-80 mm) ("cherries") being 
eaten either steamed or raw on the half shell.
The production along the Atlantic coast, Virginia in particular, 
is characterized by considerable production fluctuations through 
time. Peak production for the U.S. fishery came in 1950 with total 
landings of almost 21 million pounds of meats and a nominal^ 
ex-vessel value of 8.9 million dollars (Lyles, 1966). Virginia 
production peaked in 1965 at about 2.5 million pounds of meats and a 
nominal ex-vessel value of 1.4 million dollars (Lyles, 1966; Ritchie,
1976). This high level of production in Virginia followed the
■^Nominal dollars are those not adjusted for inflation.
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3decline of the Virginia oyster fishery caused by the pathogen MSX 
(Minchinia nelsoni) (Andrews and Wood, 1967; Andrews, 1979), as 
harvesters turned to clams when production from private oyster ground 
decreased. Low periods of production for the total U.S. fishery 
occurred in 1979 (12.1 million pounds of meats and 14.2 million 
nominal dollars) and in 1978 for the Virginia fishery (0.5 million 
pounds of meats and 0.46 million nominal dollars) (National Marine 
Fisheries Service, 1980). Virginia's share of total U.S. landings 
dropped to 3.5% in 1978 after reaching a peak of 16.5% in 1965 
(National Marine Fisheries Service, 1980). Decreases in Virginia 
production are thought to have occurred from declining fishing effort 
and not from decreases in stock availability.
The hard clam fishery in Virginia is concentrated on the seaside 
of the Eastern Shore and in the rivers of the lower Chesapeake Bay 
(Tiller et al., 1952; Andrews, 1970; Castagna and Haven, 1972). The 
mouths of the rivers of the lower Bay (James and York Rivers) and the 
large expanse of sheltered bays on the Eastern Shore provide large 
areas with salinities greater than 15 ppt (Chanley, 1958; Andrews, 
1970; Castagna and Chanley, 1973) and less than 35 ppt (Belding,
1931; Davis and Calabrese, 1964) that are essential for growth and 
survival of larvae. Water temperatures in both areas provide the 
rise above 15°C in the summer required to stimulate spawning but 
remain below 33°C, the maximum temperature for effective larval 
development (Loosanoff et al., 1951).
Commercial harvesting methods in Virginia have traditionally 
been labor-intensive, preventing overexploitation of the resource in 
the absence of a comprehensive management plan. Most commercial
4harvesting takes place on public clam grounds. As such, clams are a 
common property natural resource, and the industries that harvest 
such resources are traditionally inefficient (Christy, 1964).
Hand rakes, hand tongs, clam picks (Figure 1), and patent tongs 
(Figure 2) are some of the labor intensive methods used (Tiller et 
al., 1952; Dumont and Sundstrom, 1961). In the lower Chesapeake Bay 
harvesting is primarily accomplished by patent tongs because clams 
are found in deeper water (3-7 m). Typically, a patent tong boat is 
a one man operation with the waterman controlling the throttle and 
patent tong from one location. Occasionally two individuals will 
outfit a single boat with two patent tong units. This does increase 
the catch/boat/day but the catch/man is about equal to boats with one 
man working. The harvest on the western shore of the Bay continues 
throughout the year, concentrating on the six high density areas 
delineated by Haven et al. (1973). Intense harvesting takes place 
during the summer (May 1-August 15) in the lower James River. This 
area is condemmed due to high bacterial levels. Fishing is permitted 
during the summer because higher water temperatures cause clams to 
circulate water faster through their bodies than during the winter, 
allowing them to be cleansed when placed in clean water for 15 days. 
Average landings are between 1500 to 3000 clams/boat/day. Many 
watermen participate only in the James River summer fishery, engaging 
in some other fishery, such as oysters, during the rest of the year.
The large intertidal areas of the seaside of the Eastern Shore 
facilitate a much different mode of harvesting clams than in the 
deeper rivers of the lower Bay. Signing clams with clam picks, hand 
rakes, or with barefeet are the common ways of harvesting. This
Figure 1. Clam rakes and picks used to 
manually harvest hard clams in Virginia.
CLAM PICK
Figure 1. Clam rakes and picks used to manually 
harvest clams in Virginia. (Illustrations from 
Dumont and Sundstrom, 1961).
Figure 2. Patent tong gear used to 
harvest clams.
Figure 2. Patent tong gear used to harvest clams.
9allows recreational clam harvesting to develop to a much greater 
extent than is present in the lower Bay.
Experimental use of the hydraulic escalator harvester (Figure 3) 
developed by MacPhail (1961) was permitted in Virginia on an 
experimental basis by the Virginia Marine Resources Commission (VMRC) 
in 1980 (Austin and Haven, 1981). Its efficiency has been estimated 
to be from eight (Austin and Haven, 1981) to 60 (MacPhail, 1961) 
times that of conventional patent tong gear. The hydraulic escalator 
harvester is used in many of the Atlantic coast states under strict 
management schemes. The relative efficiency of the hydraulic 
escalator harvester and its potential effect on available resources 
and bottom communities has been the source of many studies (Glude and 
Landers, 1953; Godwin, 1968; Anderson et al., 1978; Oceanographic 
Institute of Washington, 1981; Austin and Haven, 1981). The Virginia 
General Assembly passed a statute in 1981 outlawing the use of the 
hydraulic escalator harvester for harvesting hard clams (Virginia 
Code §§28.1-128.01) af ter individual harvesters argued the hydraulic 
escalator would depress prices, cause high unemployment, and damage 
clam beds. In a recent court decision (May 1982), the Circuit Court 
of Hampton ruled the holders of the experimental permits were 
discriminated against by enactment of the statute and could continue 
to use their hydraulic harvesters on private leased grounds.
Early research by Kellogg (1903) and Belding (1912) dealt with 
growth and embryology of the larvae. Loosanoff (1937a, 1937b, 1959) 
and Loosanoff et al. (1951) pioneered early work on sexual 
development and spawning habits which would later set the stage for 
an intensive mariculture effort. Haskin (1949, 1952), Carriker
Figure 3. Hydraulic escalator harvester.
H Y D R A U L IC  DREDGE —  HARD CLAMS
HYDRAULIC ESCALATOR DREDGE
Figure 3. Hydraulic escalator harvester. 
(Illustrations from Dumont and Sundstrom, 1961)
(1952, 1956, 1961), Chestnut (1952), Turner (1953), Gustafson (1954) 
Turner and George (1955), Haven and Andrews (1957), Chanley (1959), 
and many others investigated growth and development of young 
M. mercenaria. Kerswill (1941) documented environmental factors 
limiting growth and distribution of _M. mercenaria, as did Wells 
(1957b), Pratt (1953), and Pratt and Campbell (1956).
Studies of growth rates of _M. mercenaria by Kellogg (1903), 
Gustafson (1954), Menzel (1964), Ansell (1964), Loesch and Haven 
(1973a), Cunliffe and Kennish (1974), Kennish and Olsson (1975), and 
Kennish and Loveland (1980) described growth by change in volume, 
length, and shell size. Haven and Andrews (1957), Woodburn (1961), 
Menzel (1964), and Ansell (1968) studied growth of a hybrid produced 
by crossing the northern quahaug, _M. mercenaria, with the southern 
quahaug, Mercenaria campechiensis. Heppell (1961) and Ansell (1964, 
1968) described the growth of M. mercenaria in British waters.
Loosanoff’s (1937a, 1937b) success in spawning and breeding 
experiments developed into a long series of research papers dealing 
with the mariculture of M. mercenaria. The results are well 
documented in the literature (Wells, 1924, 1927; Loosanoff, 1954, 
1959; Loosanoff and Davis, 1950; Loosanoff et al., 1951; Davis and 
Calabrese, 1964; Menzel, 1964; Menzel and Sims, 1964; Castagna et 
al., 1970; Kennedy et al., 1974; Keck et al., 1974; Kraeuter and 
Castagna, 1977, 1980; Meyers, 1981; and others). McHugh et 
al. (1982) has produced an excellent bibliography on all aspects of 
hard clam mariculture and ecology, so it will not be documented here
Juvenile (8-10 mm) clams produced naturally or by culture 
operations have proven very susceptible to predation by a large
13
number of free-living invertebrates (Andrews, 1970). Subsequent 
research was focused on determining these predators and their feeding 
rates. MacKenzie (1977, 1979) described in detail the predators of 
hard clams. Readers are urged to consult his works for a complete 
discussion.
The national hard clam fishery was studied by Ritchie (1976).
His study examined the industry in each state, making recommendations 
for the improvement of the entire U.S. industry. Summaries for each 
state were not included in Ritchie’s 1976 publication. Summaries for 
South Carolina (Bearden, 1976), Rhode Island (Bockstael, 1976), 
Delaware (Cole, 1976), Massachusetts (Dow, 1976), New York (McHugh 
and MacMillan, 1976), Florida (Menzel, 1976), Maryland (Rinaldo and 
Scott, 1976), North Carolina (Street, 1976), and New Jersey 
(Sugihara, 1976) detailed the status and potential of the fishery in 
each state. Noticeable for its absence was Virginia. The summaries 
were only reviews of the industry and did not entail any new 
research.
Studies of M. mercenaria and its fishery in Virginia are limited 
aside from the extensive mariculture efforts. Haven and Loesch 
(1972), Haven et al., (1973), Loesch and Haven (1973a, 1973b), Haven 
and Kendall (1974, 1975), Loesch (1977), Haven and Morales-Alamo 
(1980), and Fritz (1982) studied abundance, growth, and size-age 
relationships in the lower Chesapeake Bay. Loesch (1974) devised a 
sampling plan for estimating M. mercenaria abundance using a 
hydraulic escalator harvester which was later used by Rhodes et 
al. (1977) to estimate the standing crop of M. mercenaria in the 
Santee River estuary, South Carolina. Larsen (1979) investigated
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heavy metal concentrations in hard clams in Hampton Roads, Virginia. 
Austin and Haven (1981) monitored experimental use of a hydraulic 
escalator harvester on Hampton Bar. Strand (1976b) conducted a 
limited price analysis of the hard clam fishery of the Eastern Shore.
In the fall of 1980, as the use of the hydraulic escalator 
dredge for harvesting clams was being considered in a bill before the 
General Assembly of Virginia, questions arose regarding socioeconomic 
and environmental effects of the hydraulic escalator dredge. Three 
major concerns surfaced; (1) What would be the effects of anticipated 
increases in supply on the ex-vessel price received by watermen; (2) 
Is the stock size of _M. mercenaria sufficient to allow the use of 
efficient harvesting technologies; and (3) What is the impact of the 
gear on the subaqueous bottom? The apparent solution to only the 
third question was determined by research efforts.
An answer to the first question raised can be determined by 
estimating the price flexibility coefficient, which measures the 
percent change in price with a one percent change in quantity. 
Accurate determination of stock size of M. mercenaria is difficult 
without extensive sampling effort. The Leslie method (Leslie and 
Davis, 1939), a stock assessment statistical treatment which utilizes 
commercial records, can be used in cases for areas where reliable 
catch and effort data are available, such as in the lower James 
River. Catch and effort data obtained from the James River fishery 
are accurate because the area is a captive system and reporting of 
all clams is mandatory. All clams must be relayed to clean waters 
before resale.
Thus, the objectives of this study are: (1) To determine the
15
price flexibility of Virginia hard clams and quantify the effects of 
anticipated increases in supply on the ex-vessel price received by 
watermen; (2) To estimate the standing crop of M. mercenaria; and, 
(3) Test the Leslie method as a stock assessment technique in a very 
productive and heavily fished area of the Chesapeake Bay, the lower 
James River. The study will analyze price flexibility of Virginia 
hard clams in the first section and address the last two objectives 
in the second section. Overall conclusions and recommendations are 
presented in closing.
PRICE FLEXIBILITY ANALYSIS 
OF VIRGINIA HARD CLAMS
SECTION
INTRODUCTION
A management question developed in Virginia during the fall of 
1980 in response to the proposed use of the hydraulic escalator 
dredge for the harvest of M. mercenaria. Initially, controversy 
focused on physical and biological perturbations of bottom 
communities caused by the escalator harvestor. The Virginia 
Institute of Marine Science (VIMS) was asked in October of 1980 to 
monitor the experimental use of a single hydraulic escalator and 
found that the escalator dredge modified the bottom to a lesser 
extent than the conventional patent tong gear (Austin and Haven, 
1981).
The biological concerns were cited as the main point of 
contention, but the real fear amongst harvesters was the effect of 
anticipated increases in supply on the ex-vessel price of hard clams 
received by the individual watermen.
The method chosen to determine the impacts is an analysis of 
price flexibility. Price flexibility is widely used in agricultural 
economics to determine relative impacts of production fluctuations on 
prices (Tomek and Robinson, 1972). Similar analysis on seafood 
products has also been common. Cato (197 6) described flexibilities 
for Florida mullet, and found them to be flexible in price over an 
extended time period of production. Conrad (1980) analyzed wholesale 
prices of hard clams over a 40-week period at the Fulton Market, New
18
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York, and concluded hard clam wholesale prices at the Market were 
inflexible for clams with respect to the quantity sold, without being 
able to identify the major determinant of the wholesale price. There 
has been no such analysis of Virginia seafood products, although 
Strand (1976b) did conduct a price analysis of the hard clam fishery 
on the Eastern Shore of Virginia. He concluded that both landings 
and real ex-vessel prices were declining.
20
METHODS
Own price flexibility is the ratio of a percentage change in
price of the subject product associated with a one unit change in the
quantity of the product sold (Houck, 1966). The general equation 
used to define the price flexibility coefficient is:
F =% A P/% AQ
where % A p =Pi~F2//P1+P2 
% A q = q i _ q 2 / q i + q 2
F-^=price of clam meats in nominal dollars/pound
at Qx,
p 2 =price of clam meats in nominal dollars/pound
at Q2,
Q-^=quantity in pounds of meats at P^,
Q2 =quantity in pounds of meats at > (Tomek and
Robinson, 197 2).
Price flexibilities may range from zero to -°°, the negative sign
2
resulting from a normal price-quantity relationship .
2
Price and quantity are usually negatively related, i.e., higher 
quantities bring lower prices given constant demand.
21
Absolute values from zero to one indicate a relatively inflexible 
price while absolute values greater than one indicate a relatively 
flexible price.
Using the price flexibility equation of F^=% AP/% AQ, (Tomek 
and Robinson, 1972), an aggregate flexibility can be estimated for 
Virginia hard clams using linear regression analyses. Monthly 
landings and ex-vessel prices over the period 1960-1979 were used to 
determine the slope of the least-squares line fitting the individual 
flexibility points. The slope (B) is equal to the percentage change 
in ex-vessel price resulting from a one percent change in quantity 
landed. Monthly landings and ex-vessel values for each of the major 
Atlantic coast hard clam producing states were obtained from 
published statistics (Bureau of Commercial Fisheries,
1960-1969a-f; National Marine Fisheries Service, 1970-1979a-f). 
Ex-vessel values were left in nominal dollars on the premise that 
watermen look at the prices they receive in current terms. 
Hypothetical seasonal changes in price flexibility were tested by 
dividing the year into a summer (May-September) and winter 
(October-April) season.
A multiple regression analysis was used to determine regresssion 
coefficients and aggregate price flexibilities. The dependent 
variable in each regression model was a price index equal to the 
monthly nominal price per pound of clam meats divided by the average 
nominal price per pound in 1972. The base year of 1972 was chosen 
because it represents a year of nearly average prices and quantitites 
landed in Virginia over the period 1960-1979. This index was used 
instead of "constant” dollars (those adjusted for inflation) because
22
of potential anomalies in consumer price indices for the periods of 
study. Consumer price indices are determined by measuring rates of 
increase of a selection of goods which does not include seafood 
products. The use of a price index alleviates this problem. The 
price per pound of clam meats is derived by dividing the total 
landings in pounds by the total nominal value. The unit of price per 
pound of meats is a valid unit for price flexibility analysis. Price 
flexibility deals with percentage changes in value given a percentage 
change in quantity, not in absolute amounts. Price per pound of 
meats reflects the true ex-vessel value because the basic data 
compiled are based on graded landings and ex-vessel prices for the 
respective grades of clams (Personal communication, Paul Anninos, 
Virginia Marine Resources Commission, 26 February 1982). Graded 
landings are totalled into respective bushel (bu.) sizes (approximate 
bushel sizes: 250 chowders=l bu., 400 cherrystones=l bu., 500 
littlenecks=l bu.) and each bushel is multiplied by eight to give the 
total number of pounds of meats. Similarly the total value is the 
summation of each grade at its respective price. The total value 
reflects prices received for all grades landed and in effect is a 
weighted total. The ratios of the two (total value/total pounds), 
yields a price per pound based on relative valuation and quantity of 
the graded clams landed. Graded landings information is not 
published in Virginia.
Three independent variables were used in the regression program 
for determination of flexibilities: (1) Monthly landings of Virginia 
clams in pounds of meats; (2) Monthly landings in pounds of meats 
from the Northeast region (total of New York, New Jersey, and Rhode
23
Island); and (3) Monthly landings from the Mid-Atlantic region (total 
of Maryland and North Carolina)♦ The basic data used are shown in 
Appendix 1. These regional landings were used as variables because 
it was hypothesized that these are the suppliers that Virginia 
competes for respective market areas. Together these states account 
for 80-90% of the hard clams produced nationally.
The regression program employed was from the Statistical Package 
for the Social Sciences (SPSS with graphics option for Prime 400/500, 
Version M, Release 8.1, 15 June 1981) (Nie et al., 1975; Hull and 
Nie, 1981). A test for significance at the 1% level was used to test 
the null hypothesis H^; B=0. Additional tests of significance 
for the individual regression coefficients at the 1 % level were 
performed to establish whether specific B values were non-zero. The 
two tests of significance were run for the entire year in addition to 
the winter and summer periods.
24
RESULTS
Regression statistics for the overall F test for the entire year
indicate that total hard clam production from Virginia, the Northeast
and Mid-Atlantic regions had a statistically significant impact at
the 1% level on the price received in Virginia (Table 1). However,
2
R values of 0.27, 0.08, and 0.07, respectively, explain only 7
to 27% of the variation in Virginia price per pound. The cumulative
effect of production from all major Atlantic coast states explains
only 42% of the variation in Virginia prices during the entire year,
suggesting other market factors, such as consumer demand, play a
major role in determining ex-vessel prices.
Acceptance of the alternative hypothesis H^: B^O (rejection
of the null hypothesis H ; B=0) indicates that one or more of theo
partial regression coefficients have an absolute value greater than 
zero. Further tests of significance for the partial regression 
coefficients at the 1 % level are needed to establish whether specific 
B values are non-zero. All partial regression coefficients (-5.851 x 
10 4.498 x 10 7.861 x 10 are statistically
significant at the 1% level (Table 2).
The results of seasonal regression analyses are shown in Tables 
3-6. Total production from Virginia, the Northeast and Mid-Atlantic 
regions had a statistically significant impact on the prices received 
in Virginia during the winter months (Table 3) and summer months
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(Table 5). The overall F value is significant at the 1% level for
both seasons, allowing rejection of the null hypothesis : B=0.
2
Total R values of 0.43 for the winter season and 0.54 for the 
summer months only explain 43 to 54% of the variation in prices 
received in Virginia during the winter and summer months.
Acceptance of the alternative hypothesis (H^: B*0) indicates 
that one or more of the partial regression coefficients have an 
absolute value greater than zero. Further tests of significance for 
the partial regression coefficients at the 1 % level are shown in 
Table 4 (winter) and Table 6  (summer). For the winter months, 
Virginia and Mid-Atlantic clam landings have a B value that is 
statistically significant. Regression analysis for the summer months 
indicate all three regions have a B value which is statistically 
significant at the 1% level. Virginia is the only area which has a 
negative B for the winter, summer, and entire year.
32
DISCUSSION
2Results of the regression analysis indicate that 58% (1-R )
of Virginia clam price fluctuations are not explained by landings of
major Atlantic coast states. Fifty-eight percent of the winter price
fluctuations and 46% of the summer price fluctuations are not
explained by this model. This is in part because the regression
equation purposely included only supply parameters. The addition of
parameters which would reflect changes in consumer demand (demand
shifters), such as wholesale and retail prices, would have increased 
2
the R considerably. Consumer demand shifts to take advantage of
changes in the price of substitutes and declining retail prices, and
these correlate closely with ex-vessel prices. The model was
concerned only with effects of changes in the quantities supplied.
2
The R values for Virginia clam landings for the entire 
year, winter, and summer months, 0.27, 0.37, and 0.33, respectively, 
move in the direction anticipated for the seasonal analysis. 
Virginia's landings are a greater determinant of the ex-vessel price 
in the winter because of frozen northernly bays and rivers, primarily 
Great South Bay of New York, which supply the major portion of the 
clams on the market in the Northeastern U.S. The inability of New 
York fishermen to harvest clams during the winter enables Virginia 
watermen to control the market to a greater extent than they do in 
the summer. Consequently, Virginia clam buyers raise their ex-vessel
33
price paid to watermen during the winter by about one cent per clam 
(Personal communication, William F. Hunt, Hunt Clam and Oyster Co.,
12 Feb. 1982; Personal communication, Roy E. Davis, Roy E. Davis 
Seafood Co., 12 Feb. 1982). The Mid-Atlantic region, particularly 
North Carolina, has only begun to boost production during the last 
three years, but this recent boost is offset by previous years of 
minimal production in this analysis.
During the summer, the influence of Virginia landings on the
ex-vessel price received by watermen is diminished. This is
primarily due to a surge in production from Northeast. The increase 
2in the R value from the winter to the summer for the Northeast 
region reflects this increase in landings. New York, Rhode Island, 
and New Jersey have become substantial producers during the summer 
months, reducing Virginia's influence on the market. Again, 
Mid-Atlantic production increases in the last three years are offset 
by previous years of minimal production in this analysis. Virginia 
contributed 2 2 % of the winter production and 18.6% of the summer 
production during peak landings in 1964. Production has dropped to 
3.3% of the total summer production and 5.2% of the total winter 
production in 1978. This drop in production is thought to occur from 
shifts in fishing effort, not a decline in stock availability.
Over the entire year, the influence Virginia exerts on its 
ex-vessel price is offset by winter production increases in other 
regions and traditional drops in ex-vessel prices during the summer. 
Dramatic increases in production during the summer from states 
hindered by frozen bays and rivers during the winter (New York, Rhode 
Island, New Jersey) cause a loss of Virginia market influence.
34
Virginia’s production during the same time period shows a much 
smaller increase than the Northeast region. A plot of mean monthly 
clam landings during 1960-1979 for the four major producing states 
that Virginia competes against depict this (Figure 4). The rapid 
increase in New York landings as the weather warms coincides with 
only a small rise in Virginia production. Coupled with Virginia’s 
gradual decline in the percentage of total U.S. landings (from 16.5% 
in 1965 to 3.5% in 1978), it is obvious that Virginia has lost any 
market influence it may once have had.
The flexibilities calculated from the regression analysis show 
the Virginia price per pound of clam meats to be inflexible when 
considered over the current range of production. Statistically 
significant values of B in both the yearly and seasonal analysis show 
Virginia price to be inflexible with respect to the landings of the 
other states. Flexibilities for the yearly and seasonal analysis 
show a negligible (from 4.292 x 10  ^ to 6.994 x 10 ^%) drop 
in price associated with a 1% increase in landings. It is evident 
that, based on the best data available and given current market 
conditions and consumer demand, there is little effect of increased 
Virginia landings on the ex-vessel prices received by watermen. This 
conclusion is reached considering the range of production studied (a 
minimum of 400,000 pounds and a maximum of 2.5 million pounds).
Rationale to support this conclusion comes from Virginia clam 
dealers, as representative dealers indicate they could market four to 
five times the number of littleneck clams (<60 mm in length) than 
they presently do. Demand for the smaller clams is consistently 
inelastic (Bell, 1978), but supply constraints, such as extended
Figure 4. Mean monthly clam landings from 
Virginia, Rhode Island, New York, and North 
Carolina over the period 1960-1979. (Source 
Bureau of Commerical Fisheries, 1960-1969a-f 
NMFS, 1970-1979a-f).
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periods of bad weather, limit the markets that dealers are able to 
enter and furnish with a consistent supply. Reportedly, premium 
prices are paid to dealers (by retailers) for a constancy of supply. 
This inflexibility of price is reflected in a comparison of monthly 
hard clam production and real ex-vessel price during the last eight 
years (Figure 5). In general, price was not responsive to quantities 
landed during years 1972 to 1979. Apparent price response to changes
in quantity evident during the summer of 1978 and 1979 is not
explained by this model.
The unavailability of grade information for commercial hard clam 
landings makes further price analysis difficult. Although wholesale 
price information on the various grades of hard clams is available 
through the Fishery Market News Reports from the National Marine 
Fisheries Service, local Virginia processors indicate very little 
relation between the prices paid to watermen and those prevailing at 
the Fulton Market. Ex-vessel pricing in Virginia tends to be
seasonal, changing about two to three times a year, not being tied to
the Fulton Market price. Therefore overall downward trends and 
significant fluctuations in Virginia clam landings may be one of the 
factors limiting income generated by the Virginia hard clam industry. 
Management strategies aimed at higher production and based on 
ex-vessel price flexibilities should bring higher total revenues to 
industry as increases in quantities landed should offset any 
resulting decreases in price per unit.
Further research should focus on the effects of demand 
parameters on prices received in Virginia which could help to 
synthesize a predictive price equation for Virginia hard clams*
Figure 5. Virginia clam production and 
real ex-vessel price by months over the 
period 1972-1979.
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SECTION
ESTIMATION OF STANDING CROP OF MERCENARIA 
MERCENARIA IN THE JAMES RIVER USING 
COMMERCIAL RECORDS
INTRODUCTION
The estimation of population size through methods of population 
dynamics is essential for management of fishery populations.
Fisheries management strategies depends on accurate estimates of 
mortality, recruitment and stock size to allow for determination of 
optimum harvesting levels.
Collection of data for estimates of optimum yield and other 
population parameters primarily includes collection of catch and 
effort data. The use of catch and effort data have been the basis 
for many studies that attempted to estimate population abundance 
(Leslie and Davis, 1939; Ricker, 1940; DeLury, 1947, 1951; Omand, 
1951; Gulland, 1956, 1964; Von Geldem, 1961; Garrod, 1964; Allen, 
1966; Loesch and Haven, 1973b; Haven et al., 1973; Rhodes et al., 
1977). Dickie (1955), Haven et al. (1973), Loesch and Haven (1973b), 
and Rhodes et al. (1977) applied catch and effort methods for studies 
on shellfish. Dickie (1955) applied the Leslie method to estimation 
of initial abundance of sea scallops (Plactopecten magellanicus) in 
the Bay of Fundy. The Leslie—DeLury method, a synthesis of work by 
Leslie and Davis (1939) and DeLury (1947, 1951) estimates initial 
population abundance by the regression of catch per unit effort 
against accumulated catch. This method was employed by Haven et 
al. (1973), Loesch and Haven (1973b), and Rhodes et al. (1977) using 
samples from a hydraulic escalator to estimate hard clam abundance in
42
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Virginia and South Carolina, respectively.
An alternative to collecting field data is the use of commercial 
statistics in marine population studies. Gulland (1956) and Beverton 
and Parrish (1956) discuss the use of commercial statistics in 
studies of fishery population dynamics. Accurate catch and effort 
statistics are indispensable when the need arises to regulate a 
fishery (Beverton and Parrish, 1956). These catch and effort records 
can also serve as proxy field data. Dickie (1955) used catch and 
effort records from the Digby scallop fleet for his study of scallop 
abundance.
There has been no data collection in Virginia to facilitate 
abundance estimates of M. mercenaria since 19/5. Haven et al. (1981) 
provided an estimate of standing crop of M. mercenaria in the lower 
James River by synthesizing the efforts of Haven and Loesch (1972), 
Haven et al. (1973), Haven and Kendall (1974, 1975) and Haven and 
Morales-Alamo (1980). Their estimate of the standing crop, 565,712 
bushels, was arrived at by evaluating data taken from hydraulic 
escalator and patent tong samples over the period 1970-1975. This 
estimate should be considered an approximation because of the 
extended period of time under which the data were collected.
Declining commercial landings in Virginia from 1975 to the present 
(NMFS, 1980) suggest the need for a new stock assessment.
Consequently, efforts were begun in 1980 to collect the data 
necessary to provide such an estimate and test the Leslie method 
using commercial records as a stock assessment technique. The James 
River was selected as the study location because it was the location 
of previous stock assessments and also because it is a unique
44
"captive" system which allows acquisition of reliable data.
The James River is a captive system because bacterial pollution 
has closed the River to hard clam harvesting except for those which 
are relayed to "clean" waters. Harvesting is limited to 
approximately three and one-half months a year, May 1 to August 15, 
with possible extensions of the season granted by the Virginia Marine 
Resources Commission (VMRC). All clams harvested must be depurated 
for 15 days prior to sale to the public. Watermen harvesting from 
this area are required by law to land their catch at a single port.
At this point clam dealers purchase the clams from the watermen and 
load them for transport. The loaded truck is inspected and sealed 
before leaving the area, to be opened only at an approved depuration 
site. The clams are then deposited on approved bottom and harvested 
15 days later. Dealers tabulate the daily catch of each waterman and 
pay him at the end of the week. This procedure necessitates the need 
to keep log books by the dealer detailing the catch/boat/day, a 
valuable catch and effort measurement.
The availability of these records allows their use in an 
abundance estimate using the method employed by Dickie (1955).
Records were made available for the years 1978-1981 and estimates of 
the standing crop of M. mercenaria in the lower James River made for 
each of these years. These estimates and their mean can be compared 
to the estimate of Haven et al. (1981) to determine if this method is 
valid for approximations of population abundance.
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METHODS
The James River, Virginia (Figure 6 ), is a coastal plain estuary 
(type B), tidal approximately 62 km (100 miles) upstream from the 
mouth, having an average tidal range of one meter and an average 
depth of less than 4.5 m (15 feet) in the biologically productive 
areas (Pritchard, 1952, 1955, 1967; Jacobson and Fang, 1976). Hard 
clam harvesting is extensive despite polluted waters which compels 
harvesters to relay clams (Haven et al., 1976; Larsen, 1979). 
Harvesting of M. mercenaria in the James River has been restricted to 
May 1 to August 15 due to pollution. Only a few clam dealers 
purchase clams from the James River because of the added expense of 
relaying, but the volume is quite large. Relayed clams from the 
James River account for between 10-25% of the total annual statewide 
harvest. Watermen are paid less per clam (as compared to "clean" 
waters) as a result of the additional expense of depuration the 
dealers must endure. During the period 1978—1981, no more than five 
buyers at any one time were purchasing and relaying polluted clams. 
Only two dealers participated in clam buying in the James River on a 
large scale (>2 ,0 0 0 , 0 0 0  clams/year).
Contact was made with the two largest buyers and access to their 
buy books for 1978-1981 was granted. Only data from one dealer were 
available for 1978. Consequently, the estimate for 1978 was based on 
catch and effort data from only one buyer.
Figure 6 . Study site, lower James River.
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In its original form, the data were listed by individual 
harvester and the total catch for the day in nicks, cherrystones, and 
chowder sizes. Combining the two buyers' books gave the totals of 
from five to 60 clammers for each day, with weather being the most 
dominant factor in deciding the daily fishing effort of the fleet.
Data from both books were entered on a master sheet to facilitate 
entering into computer files.
The method used to estimate the initial abundance was the Dickie 
(1955) version of the Leslie method, incorporating the Braaten (1969) 
modification into it. The Braaten modification adjusts for interval 
length by equating Kt, the cumulative catch, with the cumulative catch 
up to time t plus one half of that taken during interval t. Dickie 
used the Leslie Method to estimate abundance of sea scallops. The 
notation used will be the standard notation as described by Holt et
al. (1959). The symbols employed are as follows:
NQ original population size
Nt mean population size at time t
Ct catch taken during interval t
Kt cumulative catch to the start of interval t plus half
of that taken during interval t (Braaten, 1969)
ft fishing effort during time t
q catchability coefficient (percent of population taken
by one unit of effort)
Ct/ft catch per unit effort during interval t.
DeLury (1951) has shown that if a population is subjected only to
fishing and units of fishing gear do not compete with each other at
any one instant, and if catchability is constant, then a change in
catch per unit effort can be used to calculate initial abundance. By
definition
ct
T [ =  q N t (i)
simply, catch per unit effort is equal to the catchability multiplied 
by the mean population present. The decreases in population (assumed 
to be due to fishing) are equal to the original population minus that 
caught up to time t
Nt = Nq - Kt (2)
Substituting equation (2) into equation (1)
1 7  = q Cnq - Kt) (3)
and transforming
ct
-fjT = qN0  “ qKt (4)
Equation (4) is in a linear regression form, thus plotting Ct/ft 
against during each interval should give a straight line whose
A  *
slope is the estimated catchability (q) and y-intercept is qN0 .
The conditions fitting equation (4) are rarely met in nature. 
Decreases in estimated abundance are postulated to occur only from 
fishing, but natural mortality, growth, and changes in catchability 
are not taken into account in the simple equation (4). The short (133
day maximum) fishing season in the James River does not necessitate a 
compensation for changes in population size due to growth. Although 
catch and effort data for the majority of the James River patent tong 
fleet is available, only a small sample of the total fleet was used to 
calculated abundance. Additional terms must be introduced to 
compensate for natural mortality and the effect of the effort of the 
remainder of the patent tong fleet. Derivation of these terms is 
after DeLury (1951), where equation (4) is expanded to compensate for
these terms. Equation (5) includes two kinds of effort acting on a
populat ion
= qN0  - ( q  + q'e')Kt (5) 
t e
where q and e are the catchability and effort of the sample and q' and 
e 1 are the catchability and effort of the remainder of the effort.
That is, if catch per unit effort of the sample fleet is plotted 
against accumulated catch of the sample (Kt), the result reflects not 
only the drain of the sample effort on the population but also the 
drain imposed by the remainder of the effort (Dickie, 1955).
With more than two kinds of effort equation (5) becomes
= qN0  - (q + q'e 1 + qMe") Kt (6 )
t e “e
where qM and e" are the catchability and effort for a third kind of
effort. This third kind of effort will be equated to natural
mortality with q" equal to the instantaneous natural mortality rate on
the basis of one day as a unit of time and e" the number of days for
which it operates. The instantaneous natural mortality rate acting on 
the population during the entire fishing season is the product, q'^11.
Calculation of catch per unit effort first required an
examination of the raw data. A representative sample fleet had to be 
selected out of the total fleet. The entire fleet consisted of nearly 
60 boats, with a portion of them only participating in the fishery a 
few days each season. In order to obtain a reasonably constant level
of daily effort, a sample fleet of 14 boats for 1978 and five each for
1979, 1980, and 1981 was selected. The lack of a second buyers book 
for 1978 necessitated enlarging the sample fleet size to alleviate 
problems arising from not knowing the daily catch and effort of a 
large part of the fleet, as was the case for 1979-1981. The sample 
fleet of five boats for 1978-1981 was chosen on the basis of the 
length of the fishing day. Boats selected were those fishing the most 
consistent length of time each day. Upon selection of these boats, it 
was noted that they were usually the boats producing the highest daily 
totals. This stemmed from the fact that they were the full-time 
clammers, working most every day, as opposed to those participating in 
the fishery part-time, working occasionally. Determination of the 
sample fleet came after consultation with watermen and dealers.
Effort data from this sample fleet represents the most accurate 
approximation of real fishing effort.
Determination of fishing effort has traditionally been a problem 
in Chesapeake Bay fisheries due to antiquated labor-intensive 
harvesting methods. Rothschild (1972, 1977) discussed the problems of 
determining real fishing effort when effort is reported in units of
nominal fishing effort. Rothschild et al. (1981) pointed out the lack 
of data on real fishing effort in the Chesapeake Bay fisheries. The 
data collected in this study are the most detailed data available on 
hard clam fishing effort. In the past, effort was measured in pounds 
per license, as Haven et al. (1973) did. The nominal unit of effort 
used here, one boat-day, approximates real fishing effort but does not 
equal it. A measurement such as hours patent-tonging per day would be 
ideal, but data collection of such would be impractical. Using boats 
that fish the most consistent length of time each day allows the 
measure of nominal fishing effort to approach real fishing effort.
Weather influences upon fishing effort were obvious. Several 
days each year very few boats were working, including some days with 
none. Notation in the buyers books detailed the weather as the cause. 
A method to account for this was developed. Effort on any day had to 
reach at least 2 0 % of the total fleet or the entire day was 
eliminated. 20% of the total fleet represented 12 boats. Days with 
less than 12 boats working were not counted. Frequently days with 
less than 1 2  boats working were followed by days with nearly the 
entire fleet fishing, in an effort to compensate for lost time.
Several times each season weather prevented anyone from fishing for 
two days consecutive days. Effort on the first good fishing day 
following two days of bad weather was extremely heavy.
Variations in effort by each boat during each fishing week 
(Monday-Friday) were accounted for by totalling the number of 
boat-days for each boat per week into a weekly total representing the 
total effort in boat-days for the sample fleet. Maximum effort for a
week would be equal to the number of sample boats multiplied by 5 
days. Fishing effort reached the maximum in some instances. This 
procedure alleviated the problems created by the intensification of 
effort on days following bad weather.
Similarly, catch of the sample fleet was calculated. Because 
some boats did fish on days in which at least 2 0 % did not work, their 
catch on these days was subtracted from the weekly total for the 
sample fleet. Thus, bad weather days were not used in estimating 
abundance. The season was divided into weekly periods, with the 
season being 18 weeks long in 1978-1980 and 19 weeks long in 1981. 
Total catch and effort was calculated for each week and total catch 
was divided by total effort to give the average catch per boat per day 
during each week for the season. Based on this approach, the catch 
per unit effort of the patent tong fleet was defined as the weekly 
average catch per boat per day.
Catch and effort data was available for about 60 boats that 
fished in the James River. In several of the years there were other 
clam dealers purchasing clams from which catch and effort data was not 
obtained. Corrections in the catchability coefficient for the effort 
expended by this remainder of the fleet must be made (Dickie, 1955).
• / \ A  fFrom equation (4), the observed slope, q, is a compound of the effects 
of both the sampled and unsampled fleets
Tt = 3No “ 9Kt
A
From equation (5) q is
q = q + q'e' (7) 
e
and by rearrangement
q = q( 1 + q'e1) (8 )
q'e
where q and e refer to the sample fleet and q' and e 1 refer to the 
unsampled fleet. The true catchability (q) is
q = q( 1 ) (9)
1 + q'e* 
qe
The ratios q'/q and e'/e can be obtained from the ratios of the 
catches of the two fleets. Catch per unit effort of the sample fleet 
equals Cj. _ qNt and catch per unit effort of the whose fleet equals
C' = q'Nt, so the ratio 
x t
C't _ q'Nt _ q' (10)
expresses that the ratio of the catchabilities is the same as the 
ratio of catches per unit effort. Assuming the ratio of the sampled 
and unsampled portions of the fleet was constant through the season, 
then
e'_ size of unsampled fleet _ Fleet(u) (11)
size of sampled fleet Fleet(s)
Combining ratios to give the denominator of the correction factor,
Total K't
qe _ FleetluJ Fleet(u) _ Total K't (1 2 )
Total Kt X Fleet(s) Total Kt
Fleet(s)
q'e1 _ Total catch of unsampled fleet _ Cu (13)
Total catch of sampled fleet
Thus, the correction factor for the unsampled fleet is equal to the 
ratios of the catches of the two portions of the total fleet.
The effects of natural mortality on the population must also be 
considered. Adult >1. mercenaria do not experience the extreme 
predation rates such as those that occur on juvenile and larval 
populations. Survival rates for juvenile clams are quite low if not 
protected from predators (Chestnut, 1952; Gustafson, 1954; Carriker, 
1956; Haven and Andrews, 1957; Menzel and Sims, 1964; Kraeuter and 
Castagna, 1977; Eldridge et al. , 1979; Eldridge and Eversole, 1982). 
Mariculture operations, where most mortality studies have taken place, 
are mainly concerned with juvenile survival. No annual natural 
mortality estimate for adult _M. mercenaria was found in the 
literature. A annual natural mortality rate (A) of 5% was used for 
this study to calculate the correction factor. This was considered 
near the actual value because adult Mercenaria have very few predators 
(Personal communication, Dexter S. Haven, Dept, of Applied Biology, 
VIMS, 4 March 1982). Kraeuter and Castagna (1977) identified the 
cownose ray, Rhinoptera bonasus, as the primary predator of adult 
Mercenaria.
An estimated annual natural mortality rate of 5% must be adjusted 
to compensate for a fishing season that lasts only 18 weeks (19 weeks 
in 1981). An annual mortality rate (A) of 5% corresponds to an 
instantaneous mortality rate (M) of 5.1293%, using the equation of 
Ricker (1975)
M = -In (1-A) (14)
The instantaneous rate is then adjusted to compensate for the length 
of the fishing season. The 18 week (126 day) season would correspond 
to an instantaneous rate for the fishing season of 126/365 x 0.051293 
= 0.01851. For the 19 week season the instantaneous rate would be 
133/365 x 0.051293 = 0.01869. The "annual" rate for the season would 
be equal to i_e”°-01851 = 0.01755 (1.75%) for 1978-1981, and 
l-e-0.01869 = 0.01852 (1.85%) for 1981. Correction factors for the 
unsampled fleet and natural mortality can now be expressed by 
rewriting equation (6 ) as
= qN0  - q(1 + q'e' + q"e") Kt (15)
”qe ~qe
expanding equation (15) *
= qN0  - q(1 + q'e1) Kt - q"e" Kt (16)t f-    . .L qe e
where q"e" Kt is the term expressing the correction for natural 
e
mortality and (1 + q'e') K t is the correction factor for the unsampled
qe
fleet.
If the catchabilities and efforts of the sampled and unsampled
fleets are q and e, and q' and e', respectively, then the total effect
of the whole fleet on the population is equal to (q')(e') + (q)(e) 
(Dickie, 1955). The proportion of the catch taken by the whole fleet 
is
Kt = ( qe > Kw (17)
q'e' + q¥
where Kw is the catch of the whole fleet. Equation (17) can be 
written as
Kw = (q'e' + qe) Kt (18) 
qe
and rearranging
Kw = (1 + q'e') Kt (19) 
qe
Kt = Kw (20)
1 + q'e
qe
Substituting equations (19) and (20) into equation (16) gives
-fjj- = qN0  - q Kw - q"e" 1 (2 1 )
— —  I"4- q’e-' w
qe
and factoring out gives
-St- = qN0  - q + (q"e") 1 (2 2)
“ e—  T~+ q'e' Kw
qe
From equation (22), true catchability (q), is equal to
q “ q"e"
1 + q'e
qe
The estimate of catchability, q, is the slope of the least squares 
line fitting the individual regression points.
Calculation of the correction term was made possible through 
records kept on file at the VMRC office on daily totals of hard clams 
relayed by approved relayers. The total number relayed for the season 
was needed in order to calculate the ratio of the catch of the
unsampled fleet/sampled fleet, Cu/Cs. This ratio was calculated for 
each year by summing the total of both buyers for which records were 
available and the buyers for which the VMRC had records on file and 
then subtracting the total of the sample fleet. This subtraction gave 
the total of the unsampled fleet, which was then divided by the sample 
fleet total to give the ratio.
Regression of the weekly catch per unit effort against the 
accumulated catch used a Model I regression. Model I regression, also 
known as the ordinary predictive regression (Ricker, 1973), is used 
for analysis when the X values are assumed to be measured without 
error (Sokal and Rohlf, 1969; Ricker, 1973; Laws and Archie, 1981).
In this study it was assumed that the X variable in the regression, 
the accumulated catch, was measured without error as the watermen were 
paid per clam and would be very accurate as to the exact number 
harvested. The regression program was run for each year, producing a 
slope (B) equal to q, the estimated catchability, and a y-intercept 
(a) equal to qNQ . F tests of significance at the 5% level were used 
to test the null hypothesis HQ : B=0 (Sokal and Rohlf, 1969). 95%
confidence intervals of the mean were plotted along with the 
regression line for each year.
After calculation of the true catchability (from equation 23), an 
estimate of the initial abundance can be made. N0> the initial 
abundance, is equal
N0=a/q
The estimate of N0  can have confidence limits placed on it using the
method of DeLury (1951). The upper and lower confidence limits are 
the roots of the quadratic equation
N 2 (q-t^s5 yC 2 2 )-2 N(qN0 -t^sSyC12) + (q2N02-tgs§yC1t)=0 (25)
2
where SXy - SSresidual/n-2 
C 1 1  = £x2
C 1 2  = ZX/n Ex2
C2 2  = 1/ £x2
tp = t value for probability p and 
n- 2  degrees of freedom 
n=number weeks of fishing.
Putting equation (25) into the aX2 +bY+c=0 form, the roots of the 
equation can be computed using the quadratic equation
X = —b ± (b2  — 4ac)l/ 2  
------- 2 i---------
9 2 2 where a = qz-tpS xyC2 2
b = qN0 -tpS xy^l2
c = q 2 N 0 2 -t 2 S2 xyC1!
from equation (25). The solution to the quadratic equation produces 
roots that are not symmetrical with respect to the original estimate 
of N0  (Ricker, 1975).
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RESULTS
Results of the analysis of variance indicates negative
regression coefficients significantly different from zero at the 5%
level for 1978-1980 and at the 6 % level for 1981 (Table 7). This
allows rejection of the null hypothesis H^: B=0 and acceptance of
the alternative hypothesis H^: B*0. Regression equations for the
2
four years are shown in Table 8 . Values of R for the four years 
are all small (<50%) but all regression coefficients were significant 
at least at the 6 % level.
Using the correction factors for natural mortality and the 
effect of the unsampled fleet on the catchability (Table 9), the 
initial abundance can be calculated. Initial abundance estimates for 
1978—1981 were calculated using the true catchabilities and 
y-intercepts from Table 10. Abundance for each year was estimated in 
number of clams, which was converted to an ungraded bushel size 
using the conversion factor of 1 bushel=250 clams. This conversion 
was necessary to facilitate comparison with the estimate of Haven et 
al. (1981).
Standing crop estimates made using this method ranged from 
281,162 bu. in 1978 to 559,261 bu. in 1980 (Table 10). The mean 
estimate for the period 1978-1981, 393,331 bu., is 32% below the 
estimate of Haven et al. (1981) of 565,712 bu. These estimates 
should be considered underestimates due to the mathematical basis of
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Table 8 . Regression equations for the Leslie Method 
applied to James River harvesting data for 
1978-1981.
ct/ft = 5466.9900
1978
- 2.7054 x 10” 4  Kt R2 = 0.43
Ct/ft = 8254.8640
1979
- 4.5324 x 10" 4  Kt R2 = 0.50
Ct/ft = 5250.420 -
1980
4.1110 x 10- 4  Kt R2 = 0.26
Ct/ft = 4955.1070
1981
- 3.4444 x 10~ 4  Kt R2 = 0 . 2 1
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the methodology.
Upper and lower confidence intervals were computed from equation 
(25) for the estimate of (Table 11). The confidence limits
were calculated using a t value at the 5% level and n-2 degrees of
freedom, where n equals the number of observations.
Plots of the least-squares line and their 95% confidence 
intervals for the mean were produced (Figures 7-10). The true 
catchability coefficients (produced from the regression analyses and 
calculation of the correction terms) were negative and very small in 
magnitude (Table 10). This indicates that one unit of fishing effort 
(one boat-day) takes only a small percentage of the population. A 
decline in catch per unit effort during the course of the fishing 
season (Figures 7-10) can be expected as population size decreases
and less is available for harvest. Mean catch per unit effort over
the year for the sample fleet peaked in 1979 (7613 clams/boat-day) 
and reached a low in 1981 (4599 clams/boat-day). Mean catch per unit 
effort for 1978 (4851 clams/boat-day) must be interpreted carefully 
because of large variations in fishing effort in the sample fleet.
Raw data for the regression analyses are shown in Appendix 2.
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Figure 7. Least squares regression line 
and 95% confidence intervals for 1978.
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Figure 8 . Least squares regression line 
and 95% confidence intervals for 1979.
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Figure 9. Least squares regression line 
and 95% confidence intervals for 1979.
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Figure 10. Least squares regression line 
and 95% confidence intervals for 1981.
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DISCUSSION
Based on this method of calculation, abundance of Mercenaria 
mercenaria in the James River varied considerably during the study 
period. The major contributing factor to the fluctuations in 
abundance estimates was changes in fishing effort which may have 
caused the calculated catchability to vary. Data limitations 
prohibited a standardization of effort, such as the method employed 
by Rhodes et al. (1977). Reliance on harvesters for information 
regarding the individuals fishing the most consistent length of time 
each day was the only practice used to "standardize" the effort data.
Outlying points below the regression line on all four regression 
plots (Figures 7-10) coincided with one exception (the first point on 
the plot for 1980) with the presence of bad weather during the week 
of fishing. As indicated previously, a large drop in catch per unit 
effort during a week of bad weather was followed by a large increase 
in catch per unit effort the next week. This result stemmed from
additional effort expended during the weeks that followed a period of
bad weather. This was in an effort to compensate for fishing effort 
lost due to weather. Notation in the dealers* buy books indicated 
periods of bad weather. Conversely, outlying points above the 
regression lines were presumed to be the result of exceptionally good 
weather, allowing longer fishing days and thus more fishing effort.
However, this was not documented as was the bad weather.
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Confidence limits placed on the estimates of Nq (Table 11)
for each year are of varying degrees of magnitude and are not
symmetrical with respect to N . Confidence limts for 1978 and
1979 were large (+64%, -41% of N for 1978, +40%, -30% of No ’ o
for 1979) when compared to those for 1980 and 1981 (+9.5%, -10% of
N for 1979, +16%, -17.5% of N for 1981). The limits for o * * o
1978 were larger (in comparison to the percent of N ) than the
o
other three years because of fluctuations in the fishing effort 
consistency of the the fleet which caused weekly catch per unit 
effort to vary greatly. The primary reason for this was the use of 
14 boats in 1978 for the sample fleet. Boats were included in the 
effort that were not fishing consistent days in terms of hours 
actually patent-tonging. They were included because access to the 
catch and effort from the other major clam dealer was not available 
for 1978 and thus the consistent boats from that dealer could not be 
used. However, confidence limits of +64% and -40% are within the 
range found in the literature of (+) or (-) 50-100% of Nq 
(Ricker, 1975; Rhodes et al., 1977).
Calculation of the effects of natural mortality on the 
population during the fishing season was carried out using an 
approximate annual natural mortality rate for adult Mercenaria of 5%. 
This corresponds to an annual instantaneous rate of 5.1293%. No 
estimate of the annual natural mortality rate exists at this time in 
the literature, so a 5% rate was used realizing it may be too high of 
a mortality rate for adult clams. Extensive research has been done 
on mortality rates of juveniles, but as Eldridge and Eversole (1982) 
noted, research should be carried out to accurately determine the
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natural mortality rate of wild populations of adult clams. Use of a 
5% mortality rate, an overestimate, may have caused the estimate of 
abundance to be higher than actual.
Fluctuations in catchability (q) are of concern when utilizing 
the Leslie method to estimate population abundance (Ricker, 1975).
The Leslie method, by its mathematical definition for the 
catchability, tends to overestimate it, resulting in an underestimate 
of population abundance. This overestimate of catchability stems 
from errors occurring in the measurement of fishing effort and its 
use in calculating q. The underestimate of population abundance is 
more desireable for management purposes than an overestimate. Given 
the uncertainties in the data which resulted from variations in 
fishing effort, this method produced four estimates of standing crop 
in close proximity of each other. Its validity as a stock assessment 
tool is proven.
This method of stock assessment should be supplemented by 
additional designed sampling strategies to obtain more accuracy in 
estimating abundance. The hydraulic escalator survey of Haven et 
al. (1973) was the last such survey specifically carried out to 
determine M. mercenaria abundance in the lower Chesapeake Bay.
Further studies to determine mortality and recruitment rates of 
naturally growing populations would prove valuable in developing a 
management strategy. Efforts to introduce the hydraulic escalator 
harvester to the Virginia hard clam industry may result in an initial 
upswing in landings, but the ramifications of increased fishing 
pressure will not be understood until adequate stock assessments can 
be made. Clearly, any future research should begin with studies
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aimed at evaluating the recruitment and mortality rates of these wild 
populations. By understanding these population parameters, we can 
begin to develop a plan to properly manage this valuable resource.
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OVERALL CONCLUSIONS
The hard clam fishery of Virginia has existed in a state of 
flux, alternating between periods of prosperity and scarcity. 
Fluctuations in landings are thought to be primarily produced by 
changes in fishing effort rather than stock availability. Those who 
participate in the fishery full-time appear to generate quite 
substantial revenues, in the range of 25,000 to 40,000 dollars a 
year, although rising costs of operation, especially fuel, have 
eroded profits in recent years. Hard clam harvesting in Virginia is 
still labor intensive and changes to improve the efficiency of 
harvest will be advocated in the future. The use of efficient, 
economical harvesting methods on leased ground could be legislated to 
allow leaseholders more control on the seasonality and level of 
harvest. A management regime would have to be instituted should 
these methods be introduced by legislative action.
Economically, the fishery in Virginia has not reached the 
equilibrium point in the market where increases in domestic 
production will effect the ex-vessel price nationally or regionally. 
Current demand far outpaces available supply, and, until Virginia can 
meet this high demand with a domestic supply, ex-vessel prices will 
remain high and stable for the smaller (nick and cherrystone) clams. 
At present the only way of increasing supply from Virginia waters is 
by increasing fishing effort. The introduction of efficient
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harvestinng technologies may allow Virginia to once again exert a 
more pronounced influence on the national and regional price.
The present mode of commercial statistics collection does not 
provide adequate information to permit accurate determination of 
stock size or catch per unit effort. A new system must be initiated 
to allow acquisition of catch and effort data so that management 
practices can be implemented should stock size or catch per unit 
effort decrease substantially. This system should include: (1) A 
report of the landings in graded clam sizes; (2) Triennial abundance 
surveys to monitor abundance in areas where commercial catch and 
effort data cannot be acquired; (3) Legislative action to compel 
dealers to record daily each individual transaction, thus providing a 
rough measure of catch per unit effort; and, (4) Research pertaining 
to the hard clam focused on determining vital population parameters 
of naturally occurring stocks, including rates of natural mortality 
and recruitment which are presently unreported in the literature. 
Research conducted toward this goal would not only supplement the 
existing knowledge of hard clam biology but would assist in the 
development of a management strategy for the fishery.
One measure that could be taken immediately to aid the fishery 
would be to institute a minimum culling law, setting the minimum 
legal size for harvesting clams. No such law exists at this time. 
Dealers are often faced with large quantities of very small 
littleneck clams (called "buttons'* by dealers) which are difficult to 
market. Several states on the eastern seaboard have minimum culling 
laws which, if strictly enforced, would assure a good nucleus of 
spawners to provide recruitment of new stocks (McHugh, 1981). This
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suggestion was voiced by several of the dealers contacted during this 
study.
Development of mariculture operations of hard clams have nearly 
perfected spawning and rearing of larvae (Castagna et al.,
1970; Castagna and Kraeuter, 1977, 1981; Kraeuter and Castagna, 1977,
1980). Grow-out experiments to raise the juveniles to market size 
have also proven successful. The private sector has shown some 
initiative in setting up such operations, but on the whole there is 
apprehension about entering into such a venture. Future efforts by
VIMS may result in the availability of seed clams to private
individuals which can be field cultured to adults. However, present 
statutory provisions inhibit the use of subaqueous bottom for 
grow-out of seed clams. Once reaching market size, field-cultured 
clams are presently harvested manually. Enactment of statutes 
reducing impediments to culture of hard clams and allowing more 
efficient and economical means of harvesting would expedite the 
contribution of mariculture to market availability. These efficient 
harvesting methods could also be applied to private ground.
Prioritizing, the following measures are suggested:
1. Legislative action to allow the use of 
efficient harvesting methods on leased 
ground. This would eliminate one of 
the present drawbacks to large scale 
mariculture efforts.
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2. Consider seasonal use of efficient 
harvesting technologies to take 
advantage of seasonal peaks in 
ex-vessel prices. This could start 
to maximize economic benefits to all 
sectors of the fishery.
3. Initiate a new statistical reporting 
system that reports at least catch per 
boat per day, breaking down the catch 
into the three grades of clams.
4. Legislative action to establish areas 
specifically for the culture of hard 
clams. This would allow
these areas to not conflict with other 
uses of coastal areas.
5. Institute a minimum legal cull size 
to regulate the harvest of small 
clams. This is the current practice 
in several states.
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